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Abstract: Logistic regression (LR) analysis is the most common statistical methodology to find out
the determinants of childhood mortality. However, the significant predictors cannot be ranked
according to their influence on the response variable. Multiple classification (MC) analysis can be
applied to identify the significant predictors with a priority index which helps to rank the predictors.
The main objective of the study is to find the socio-demographic determinants of childhood mortality
at neonatal, post-neonatal, and post-infant period by fitting LR model as well as to rank those through
MC analysis. The study is conducted using the data of Bangladesh Demographic and Health Survey
2007 where birth and death information of children were collected from their mothers. Three
dichotomous response variables are constructed from children age at death to fit the LR and MC
models. Socio-economic and demographic variables significantly associated with the response
variables separately are considered in LR and MC analyses. Both the LR and MC models identified the
same significant predictors for specific childhood mortality. For both the neonatal and child mortality,
biological factors of children, regional settings, and parents’ socio-economic status are found as 1%,
2" and 3" significant groups of predictors respectively. Mother’s education and household’s
environment are detected as major significant predictors of post-neonatal mortality. This study shows
that MC analysis with or without LR analysis can be applied to detect determinants with rank which
help the policy makers taking initiatives on a priority basis.

Keywords: Neonatal, post-neonatal, & child mortality; logistic regression analysis; multiple

classification analysis; priority index

1. BACKGROUND

Childhood mortality known as under-5 mortality is
a worldwide problem particularly in the
developing countries. Though much improvement
has been achieved to meet the fourth Millennium
Development Goal (MDG) regarding worldwide
child mortality (reduce two-thirds during 1990 to
2015), still now a large number of children (about
6.9 million in 2011) are failing to survive until
their fifth birthday [1]. The scenario is very worse
in the low-income countries (50 per 1000 children)
specifically in Sub-Saharan Africa (92 per 1000
children) and Southern Asia (67 per 1000
children). In Bangladesh under-5 child mortality
rate also declined to about 53 in 2007/11 from 146
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in 1990/91 through successful programs for
immunization, control of diarrhoeal diseases and
vitamin A supplementation [2]. This achievement
indicates partial fulfillment of the MDG (48 per
1000 by 2015). Though the overall rate has been
declined, major vulnerable groups among the
population are still needed to address. The
researches indicate that the disparities between
poor and rich households have significant
relationship with the rate of child vulnerability in
developing countries [3]. The children from the
poorest households have about three times more
risk to die than those from the richest households.
Thus identifying the risk factors behind the early
childhood death is still an important area of
research.
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A number of studies have been done to find
the associated factors of early childhood mortality
in many countries as well as in Bangladesh [4-9].
Socio-economic, demographic, environmental, and
maternal & child health care variables are found to
have significant impact on early childhood
mortality. To find out the influencing predictors on
childhood mortality, generally exploratory and LR
analyses have been used in most of the studies [9-
11]. Exploratory analysis does not permit for
quantification or testing the strength of
inter-relationship between two variables. In
contrast, LR analysis is employed to examine the
association of all the selected explanatory
variables  with  the dependent variable
simultaneously. However, it is not possible to
identify which predictor is the most effective one
among the significant predictors. In another way,
it can be said that the significant variables cannot
be ranked according to their influence on the
dependent variable in LR analysis. The significant
variables can be ranked according to their
contribution in the variation of the study variable
applying multiple classifications (MC) analysis
[12]. Moreover, the MC analysis can be done for
both nominal and interval scale dependent
variables while LR analysis for nominal variables.

The MC analysis provides how much variation
of the target variable is explained by a predictor
included in the regression model and hence
provides an assessment of the importance of the
predictors. In another way, the degree of
relationship between a predictor variable and the
dependent variable as well as predictive power of
the predictor variable can be assessed by MC
analysis. It shows both bivariate (without presence
of other predictors) and multivariate relationships
(with presence of other predictors) between the
predictors and the dependent variable. While in
LR analysis separate analyses are required to
obtain such relationships. Thus MC analysis is an
additive model with wider range of application
than the linear and the generalized linear
regression model. The aim of the study is not only
to find out the significant predictors but also to
observe their predictive power to read the
variation in the childhood mortality in Bangladesh

through both LR and MC analyses. The article is
organized as: LR and MC analyses are discussed
in Section 2; description of the data obtained from
Bangladesh Demographic and Health Survey
(BDHS) 2007 is given in Section 3; results of the
LR and MC models are described in Section 4 and
the conclusion is made in Section 5.

2. LOGISTIC REGRESSION AND
MULTIPLE CLASSIFICATION
ANALYSES

In this study binary logistic regression (LR) model
has been developed to find the significant
predictors of childhood mortality, while MC
model helps to rank those significant predictors
according to their priority on explaining the
variation of the response variable.

2.1 Logistic Regression Analysis

Logistic regression analysis is conducted to find a
relationship between a categorical response
variable and one or more explanatory variables.
The analysis helps to determine the predictor
variables significantly associated with the
dependent variable with exact significance level.
Here the conditional probability Y, =1given

X,=x, 1is expressed as g:pr(yzl\xi:x‘_):

exp(xfﬂ)/(l + exp(xfﬂ)) and that of Y, =0Oas
1-P, =Pr(Y, =0| X, =x,)=1/(1+explx/ B))  where
Y; is the dichotomous variable having values 1 for

success (say a child dies before his/her 1% birth
day) and 0 for failure (the child is still alive), x; is

a vector of independent variables and S is a

vector of unknown parameters. Then the odds and
the log of odds being success are respectively

P — o(xf ) and ln[ - ‘]=xf/3- e
1- pi 1- pi

This equation for the log of odds is known as
LR model. For a binary explanatory variable, odds
ratio (OR) can be easily calculated by taking the
exponential of the corresponding regression
coefficient (eﬁ ) which helps to interpret the
probability of being success for a target group
compared to a reference group. It is noted that an
OR greater than 1.0 suggests more possibility to



Logistic Regression and Multiple Classification of Under-5 Mortality in Bangladesh 23

occur, while an OR less than 1.00 indicates a
decreased likelihood compared to the reference
category. Maximum likelihood method with a
suitable iterative process such as Newton’s method
is used to estimate the regression coefficients [13].
The Hosmer-Lemeshow (H-L) testis done for
assessing the goodness of fitof the fitted
LR model [14]. To assess the significance of an
individual predictor, several tests such as
likelihood ratio, Wald, and score tests are
recognized in LR theory [13]. These tests are
asymptotically equivalent [14]. The binary LR
model is extended to multinomial and ordinal LR
models when the dependent variables are
measured in nominal scale (more than two
categories) and ordinal scale [15].

2.2 Multiple Classification Analysis

The MC analysis is a multivariate technique for
assessing the interrelationship of some explanatory
variables with a response variable through an
additive model. MC analysis determines the effect
of each predictor before and after adjustments for
its inter-correlations with other predictors included
in the additive regression model. The MC analysis
technique can be considered as a multiple
regression analysis where the explanatory
variables are dummy variables [16-17]. Unlike
simple multivariate methods, MC analysis can
handle explanatory variables measured on nominal
scale and any form of interrelationships between
the explanatory variables and the response
variable. However, dependent variable is required
to be measured on an interval scale without
extreme skewness or to be a dichotomous variable
without extremely unequal
predictor variables can be measured on nominal
scale (categories), ordinal scale (ranking), and
interval scale (classes of numerical variable).

occurrences. The

In MC analysis approach, each subgroup of an
independent variable is transmitted into a dummy
variable depending on whether the case falls or not
in that particular subgroup. The MC model assigns
a coefficient to each category of each predictor
and the response value of an individual is
expressed as the sum of the coefficients assigned
to the categories indicating the individual’s

characteristics, the average of the response values
for all cases, and a random error term. Thus the
additive model in MC analysis can be expressed as

(2) yijk.“n =

where, y; ,is the response value for a particular
respondent who falls into /" category of predictor
A, j" category of predictor B and so on; u is the
grand mean of the dependent variable Y, a; is the
added effect of " category of predictor A
(difference between grand mean 4 and the mean
of the i" category of predictor A), b ;is the added
effect of j” category of predictor B (difference
between grand mean g and the mean of the ;"
category of predictor B); e, ,is the random error
term.

b+ +Ck..n

ijk...n

The coefficients are estimated in such a way
that the sum of squared errors is minimized. Thus
like least squares method, some normal equations
or least squares equations are needed to solve for
estimating the MC analysis coefficients. These
equations can be solved by following a suitable
iterative procedure. The diagnostic of the fitted
model can be done by checking whether all the
predictors can explain a significant proportion of
the variation in the values of the dependent
variable. In the similar way, the significance of
each predictor can be answered by one-way
analysis of variance. For details please see
Andrews et al. [12] and Nagpaul [18].

For assessing the importance of a predictor
(the degree of relationship between a predictor and
the dependent variable), two correlation ratios
called Eta (17)and Beta (/) statistics are calculated
from the model before and after adjustment the
other predictors respectively [19]. The value of the
adjusted statistic g indicates the importance of a
predictor on the response variable. The ranks of g
statistics indicate the relative importance of the
various predictors to explain the variance of the
dependent variable [20]. Eta (i7)statistic is used for
assessing the bivariate relationship between a
predictor and the dependent variable. Both
statistics range from 0 to 1. The statistics for a
predictor / are estimated by [12]:

n=U, [T, U, ZZ[EWM }Yﬁ_?)z’

J
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iz 2]

By =+/D;|T ,and D, :Z[ZWIik }%J :
%

J

Here w, is the weight of ¥” individual, y, is
the value of Y for " individual, ¥, is the mean
value of Y for the ;" category of independent
variable I, W, is the weight of K" individual fall
in /" category of I independent variable, and a RS
the adjusted deviance of ;" category of
independent variable / on final iteration. Thus U,
and D, are the sum of squares based on unadjusted
and adjusted deviations respectively for predictor /
and T is the total sum of squares. Squares of 77,
and g, indicate the proportions of variation in Y
explained by the predictor / before and after
adjustments of other predictors respectively. The
specific formulas are illustrated in [12, 18, 20].

Though MC analysis method is like an
ANOVA, it has no problem of accounting
correlated predictors in the additive model. In
comparison to multiple regression analysis, MC
analysis has no problem of considering non-
interval scale predictors in the model. The gain of
MC analysis over multiple regression analysis is
estimating the effect of each predictor on the
dependent variable both before and after
considering the effects of all other predictors
without any constraints, while some restriction are
needed to consider in multiple regression analysis
[18].

3. STUDY MATERIALS

In BDHS 2007, a nationally representative sample
of 10,819 households has been selected following
a two-stage stratified sampling method. A total of
10,996 ever-married women age 15-49 years
(eligible respondents) were asked to inform
regarding their socio-economic characteristics,
reproductive history, knowledge and use of family
planning methods, vaccinations, and childhood
illnesses etc. [21]. All ever married women were
also requested to provide a complete history of
their live births including their survival status and

age at the survey date or at death. Since the units
of this analysis in this study are under five dead
children, the study can be considered as a
retrospective study where information regarding
the death children is based on mothers’ recall.
NIPORT et al. [21] conducted several tests
(sampling and non-sampling errors,
underreporting and misreporting of infant deaths,
etc.) for checking the validity of the mortality data
and confirmed the accuracy of the collected data.

Before analysis, it was expected that only the
live births during the last 5 years preceding the
survey were enough to conduct the study.
However, the number of live births died during
this period was not sufficient to find significant
association of the response variable (whether a
live birth is still alive or died) with the considered
explanatory variables. The problem can be solved
by considering the live births that were born in last
10 or 15 years. In this case, there is some
suspicion about the perfect comparison between
the case group (who died before their fifth
birthday) and the control group (who are still
alive). If the live births of last 10 years are
considered, a large number of children who still
survive after their first five years of life will be in
the control group, while in case group the
members are under-5 death children ignoring their
date of birth. To overcome such problem, all the
children who died before their fifth birth day are
considered so that both the case and control groups
have at least one common characteristic that they
are died before 5 years of age. So in total 3426
children who died before five years of age were
extracted from the total live births. However, these
children were born during 36 years preceding the
survey date. The problem of considering all these
death children are incompleteness of death reports
and inaccuracy in mothers’ recall for the children
whose mothers are very older now. For reducing
inaccuracy, we consider only those children
(2132) who were born during the last 20 years and
failed to survive up to their fifth birth day. The
consideration for 20 years is to increase the sample
size so that significant association between the
dependent and independent variables can be
obtained.

The variable of interest is the age of child
death measured in months that is used to define
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three binary variables for explaining the early
childhood mortality indicators: neonatal death
(1132) referred to deaths during first four weeks of
birth, postnatal death (555) referred to deaths
during 1 tol1 months after birth and child death
(445) referred to deaths during 12 to 59 months
after birth [2]. Bivariate relationship between the
dependent variables and the independent variables
are observed before LR and MC analysis. Type of
explanatory variables associated with the binary
response variable varies with the type of mortality
indicators. For this reason, different explanatory
variables are used to develop three independent
models for three mortality indicators involving all
the death children. Since the LR model was
developed for binary response variable, same
binary variable was used to develop the
corresponding MC model. Both LR and MC
analyses are done in SPSS using LOGIT and
ANOVA with MCA function, respectively. The
sampling weight given in BDHS data was
considered to perform the analysis.

4. RESULTS

To meet the target of United Nation’s MDG and to
set strategies, the policy makers and donors
require not only the rate of child mortality but also
its risk factors. It will be beneficial for the policy
makers if they can make an order of initiatives
based on the ranks of the significant predictors. An
attempt has been made in this section which is
split into three sub-sections as pattern of neonatal,
postnatal and child mortality in Bangladesh since
2000,  significantly predictors
determined in the LR analysis, and the ranking of
the significant predictors based on MC analysis.

associated

4.1 Childhood Mortality Pattern in Bangladesh

Bangladesh has gain a great achievement in the
reduction of all stages of child mortality. In 1970s,
infant mortality and child mortalities were
respectively 147 and 86 per 1000 live births while
in 2000s, the rates have come down to 51 and 17
per 1000 live births respectively [22]. According
to recent BDHS 2011, 1 in each 23 children fails
to survive after one year of age, while 1 in each 19

children dies before 5 years of age [2]. Though the
overall childhood mortality has been reduced over
the last few decades, the rate of decline is not
same at different stages of childhood mortality.
According to DHS surveys in Bangladesh since
1993/94 to 2011, infant mortality has declined by
51 percent (87 to 43 per 1000 live births), while
child mortality and under-5 mortality have
declined by 78 percent (50 to 11 per 1000 live
births) and 60 percent (113 to 53 per 1000 live
births) respectively.Among the infant mortalities
(neonatal and post-neonatal), the proportion of
neonatal death out of infant deaths is still high
over the periods (60% in 1993/94 and 74.42% in
2011). Thus initiatives still require to decline the
infant death specially the neonatal death to reduce
the variation of child mortality at different stages
of childhood.

To examine the situation of child death during
the last decade, the three consecutive BDH
surveys (BDHS-2007, BDHS-2004 and BDHS-
2000) are used to draw the Figure 1 where the
proportions of child deaths at different stages out
of total under-5 deaths are shown [21, 23-24]. The
children who died before their fifth birthday are
considered here without seeing their date of birth.
It is explicitly clear that proportion of child death
during neonatal period (<1 month) is highest over
the last decade. About 50 percent of child deaths
occurred during the neonatal period and the rate
doesn’t change. While the proportions of postnatal
death and young child death are near about 25
percent. It is also noticeable that percentages of
child death at different stages are almost same but
the rate of childhood mortality decreased
superficially during the last eight years. The
reason might be the increasing sizes of live births
considered in the corresponding surveys.

The trend analysis shows that the rate of
under-5 child mortality has been decreased
significantly and is in the right track to meet the
MDG-4 by 2015. It also identifies the significant
variation in mortality rate at different stages of
childhood. The most vulnerable stage is the 1%
month after birth and followed by the next 11
months. These variations also suggest that the risk
factors of child mortality might vary with
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Fig. 1. Comparison of child death under age five in three consecutive BDH surveys (Source: BDHS-

2000 [23], BDHS-2004 [24], BDHS-2007 [21].

childhood stages. This is the basic reason of
separate LR and MC analysis for neonatal,
postnatal and child mortality.

4.2 Risk Factors of Early Childhood Mortality

Before fitting a binary LR model, the independent
variables are chosen through cross-tabulation

analysis between binary outcome variable
(whether a child died in a given period or not) and
categorical  explanatory  variables.  Eleven

categorical explanatory variables are found to have
significant association (through chi-squared test
not shown in the paper) with childhood mortality
indicator variable. These associations vary with
the considered dependent variables which indicate
death of children at different stage of life. To free
from multicollinearity problem, all influential
covariates are not included to build up the
regression model. Three binary LR models as well
as three MC additive models have been developed
to find out the significant factors of neonatal, post-
neonatal and young child death. The results of
both LR and MC models shown in Table 1 to
Table 3 indicate that a considerable number of
predictors have significant effect on less than five
deaths and also the predictors vary with the
models. The H-L tests indicate that all the fitted
LR models are perfect for the given data set (p-
value>0.05). The results are discussed below by
chronological order of neonatal, post-neonatal, and
child mortality.

Sex differential has a significant relationship
with childhood mortality. In Bangladesh ratio of
male-to-female infant and under-5 mortality is
more than 100 since 1970s while in case of child
mortality this ratio is always less than 100 [22]. In
our study it is observed that sex of child has
significant association with child death at the very
beginning (neonatal) stage of life. Table 1 shows
that male children (OR: 1.0 and adjusted predicted
mean, APM: 0.51) were more likely to die at the
neonatal stage than those female children (OR:
0.71 and APM: 0.44). The reason may be due to
the fact that boys are biologically weaker and
more susceptible to diseases and premature death
compared to girls [25].

Hong [26] observed a strong negative
association of infant mortality with multiple births
in Bangladesh from the analysis of 2004
Bangladesh Demographic and Health Survey data.
In this study the fitted LR model also indicates
that number of foetus has highly significant effect
on neonatal death. It is expected that women who
gave multiple births are more likely (OR=2.9,
APM=0.68) to face neonatal child death than those
who have single birth (APM=0.45). The reason
may be multiple births create more complicacy
during delivery than the single birth and babies
become physically week, as a result the risk of
neonatal mortality is found higher for the multiple
births.
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Table 1. Distribution of neonatal mortality and its risk factors in Bangladesh determined by logistic
regression (LR) and multiple classification (MC) models, BDHS 2007.

Model I: Neonatal Mortality’

Background Percentage of Number of Results from Results from
Characteristics Mortality Children LR Model MC Model*

B OR APA UPA

Sex of child
Male ® 56.8 1125 - - 0.5089 0.5135
Female 49.0 1008 -0.342 0.71 1% 0.4367 0.4320
No. of foetus
Singleton ® 514 1968 - - 0.4531 0.4511
Multiple 73.2 164 1.057 2.877*** 0.6794 0.6995
Previous birth interval
<24 R 50.1 513 - - 0.5008 0.5057
24+ 45.7 869 -0.217 0.805%* 0.4567 0.4539
Mother’s age at first birth
<19 52.8 1582 0.214 1.238* 0.4886 0.4858
19+ R 53.9 551 - - 0.4264 0.4349
Mother’s access to mass media
No media 52.8 1892 0.335 1.398** 0.4784 0.4807
One or more medias * 55.4 242 - - 0.4225 0.4007
Region

Barisal ® 43.1 130 - - 0.3754 0.3814
Chittagong 44.8 426 0.012 1.012 0.3912 0.3844
Dhaka 52.9 698 0.393 1.481%* 0.4794 0.4742
Khulna 54.3 188 0.379 1.460 0.4653 0.4708
Rajshahi 63.5 460 0.855 2.350%** 0.5765 0.5862
Sylhet 53.0 232 0.438 1.549%* 0.4833 0.4852
Constant - - -0.746 0.474%** - -
Goodness of fit H-L test: x2(8)214.804 F-test: Fy(1370=6.971
(p-value) (0.063) (0.000)
R’ value Cox & Snell: 0.048 0.048

*** P<0.05; ** P<0.10; * <0.01
R Refers to reference category
¥ Total children for Model-I: 2132 (weighted)

*APA & UPA refer to adjusted and unadjusted predicted average, respectively

The previous studies regarding child mortality
in Bangladesh indicate that the children born
within 24 months of preceding and successive
birth had higher risk of early childhood death [27-
29]. It is also observed in the study that mothers
with previous birth interval of more than 24
months is 0.81 times (APM=0.46) less likely to
have neonatal mortality compared to mother with
less than 24 months birth interval (APM=0.50). It
is because of the fact that during the short birth
interval period mothers did not get sufficient time
to revert their reproductive health and so they have

increased risk of getting premature birth as well as
neonatal death. Mother’s age at first birth is also
found mildly significant (p-value<(.15) with the
child neonatal death after adjusting the other
covariates. It is observed that mothers who
provided birth before 19 years of age had higher
risk (OR: 1.24, APM=0.49) of facing neo-natal
death compared to their counterparts (APM=0.43).
In a case study of Rajshahi district, Mondal et al.
[30] found mother’s age at first birth as significant
predictor of both infant and child mortality.
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Table 2. Distribution of post-neonatal mortality and its risk factors in Bangladesh determined by logistic

regression (LR) and multiple classification (MC) models, BDHS 2007.

Model II: Post-neonatal Mortality’

Background Percentage of Number of Results from Results from MC
Characteristics Mortality Children LR Model Model*

B OR APA UPA

Antenatal visits during pregnancy
No visit 36.5 74 - - 0.3608 0.3762
Visits 243 70  -0.801 0.449** 0.2460 0.2297
Mother’s Education
Iliterate ® 25.7 1131 - - 0.4001 0.4120
Primary 29.1 671  -0.607 0.545 0.2865 0.2902
Secondary or higher 20.8 331 -1.231 0.292%** 0.2054 0.1879
Mother’s Occupation
Unemployed ® 27.3 1313 - - 0.2910 0.3102
Manual 22.5 694  -0.100 0.904 0.3532 0.2969
Non-manual 333 120 -0.188 0.829 0.2195 0.2772
Household’s drinking water source
Tube-wells * 25.7 1889 - - 0.2780 0.2694
Tap (Pipped) 41.0 78 2.376 10.763*** 0.6235 0.7541
Others 223 166 0.893 2.442 0.4139 0.4425
Region

Barisal ® 29.2 130 - - 0.4123 0.4581
Chittagong 24.9 426  -1.133 0.322 0.2473 0.2465
Dhaka 28.7 698  -0.976 0.377 0.2747 0.2687
Khulna 293 188 0.690 1.993 0.4735 0.5909
Rajshahi 20.0 460 -0.958 0.384 0.2709 0.2660
Sylhet 28.3 233 -0.965 0.381 0.3528 0.2747
Constant - - 0.672 1.959 - -
Goodness of fit H-L test: xz(s):3.791 F-test: F,3,=1.497
(p-value) (0.875) (0.136)
R’ value Cox & Snell: 0.118 0.120

*** P<0.05; ** P<0.10; * <0.15
R refers to reference category
¥ Total children for Model-II: 2132 (weighted)

*APA & UPA refer to adjusted and unadjusted predicted average, respectively

Now-a-days maternal and child health care
depend on mothers activities such as access to
updated information through mass media like
newspaper/magazine, radio and television
programs, participating in different programs
related to child and maternal health care,
morbidity and mortality. In this study mother’s
access to mass media (TV & radio) are found
significantly associated with neonatal mortality.
Mothers who had not the habit of watching TV or
listening radio are 1.4 times (APM=0.48) more

likely to have neonatal mortality than the mothers
who had such habit (APM=0.42). Existing mass
media of Bangladesh are now broadcasting
sufficient awareness program regarding child
health care after birth, as a result mothers who
maintain media access are more conscious about
neonatal health and have more knowledge about
the causes of neonatal death compared to the
mother who is not maintaining any media.

The one and only variable which is found
significantly associated with all types of childhood
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Table 3. Distribution of child mortality and its risk factors in Bangladesh determined by logistic
regression (LR) and multiple classification (MC) models, BDHS 2007.

Model III: Child Mortality

Background Percentage of Number of Results from Results from
Characteristics Mortality Children LR Model MC Model*

B OR APA UPA

Sex of child
Male® 17.2 1125 - - 0.1730 0.1718
Female 24.9 1007 0.504 1.656%** 0.2498 0.2511
No. of foetus
Singleton® 22.3 1969 - - 0.2235 0.2237
Multiple 3.7 163 -2.009 0.134%** 0.0396 0.0366
Parents’ education
Illiterate (Both) 23.1 1258 0.580 1.786%** 0.2314 0.2351
f”mary / Secondary (at 18.6 671  0.227 1.254 0.1863 0.1777
east one)
Secondary or higher
(both)} 14.8 203 - - 0.1484 0.1540
Mother’s occupation
Unemployed ® 19.6 1313 - - 0.1964 0.1943
Manual 24.4 694 0.306 1.358%** 0.2437 0.2447
Non-manual 15.0 120 -0.195 0.823 0.1516 0.1685
Region

Barisal ® 27.7 130 0.2770 0.2896
Chittagong 30.5 426 0.137 1.146 0.3041 0.3158
Dhaka 18.5 697 -0.660 0.517%** 0.1857 0.1794
Khulna 16.6 187 -0.691 0.501*** 0.1681 0.1763
Rajshahi 16.6 459 -0.820 0.440%** 0.1653 0.1570
Sylhet 18.9 233 -0.603 0.547%%* 0.1881 0.1883
Constant - - -1.558 0.210%** - -
Goodness of fit H-L test: x2(8)26.465 F-test: Fy;5,,6=10.727
(p-value) (0.595) (0.000)
R? value Cox & Snell: 0.057 0.053
*** P<(.05; ** P<0.10; * <0.15
R refers to reference category
¥ Total children for Model-III: 2132 (weighted)
*APA & UPA refer to adjusted and unadjusted predicted average, respectively
mortality in bivariate analysis is the location adjusted predicted means are also found

(division) where the children are living. It is
observed that the proportion of child death under
five years of age significantly varies with the
regional settings. However, in LR analysis region
has significant effect on neonatal and young child
deaths. The children belonging to Rajshahi
division had higher risk (2.35 times) of being died
within the neonatal period compared to the
children of Barisal division. Also the risk of
neonatal mortality was found significantly higher
among the children of Sylhet (1.55 times) and
Dhaka (1.48 times) divisions compared to Barisal
division. The corresponding unadjusted and

significantly higher than that of Barisal division
(Table 1).

A different set of significant predictors are
found for post-neonatal and child mortality in both
LR and MC analyses. Receiving antenatal care
during pregnancy which decreases the risk of
maternal mortality as well as early childhood
mortality is found significant in both LR and MC
models (Table 2). It is observed that mothers who
pursued regular antenatal visits during pregnancy
are 0.45 times less likely to have post-neonatal
mortality than their counterparts. The OR of
post-neonatal death is found significantly varied
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with Mother’s education. Secondary or higher
educated mothers are 0.292 times less likely to
have post-neonatal child death compared to the
illiterate mothers. The reason of such result is
expected since educated mothers are better able to
access medical services, follow advice and engage
in child care practices that reduce post-neonatal
death. Sources of drinking water, categorized
according to Das et al. [31], as a household
environmental variable were found significantly
associated with post-neonatal mortality. The risk
of post-neonatal mortality is about 10.76 and 2.44
times more likely for the children, whose family
used tap and other sources water than tube-well
water. Adjusted and unadjusted predicted means in
MC model also suggest the similar. It is necessary
to mention that there is no variation by regional
settings which clearly indicates the post-neonatal
deaths are almost similar over the whole country.
These results might be due to small portion of
childhood deaths during the post-neonatal period
in the data set.

In the similar manner of neonatal mortality,
sex differential has a significant relationship with
child mortality (Table 3). Though male children
were found more likely to die at the neonatal stage
than that female children (OR: 0.71), the opposite
result is observed in case of child mortality.
Female children are 1.66 times more likely to die
in the period of 12-59 months than the male
children. This significant variation might be due to
the sex inequalities in health care and feeding
practices which are still common in Bangladesh.
The male children get more preference for
providing health and nutrition care, and so they
make progress in reducing the risk of death.
Recently Brinda, Rajkumar, and Enemark [32]
have also shown a significant positive association
between child mortality and Gender Inequality
Index developed by United Nations Development
Programme (UNDP) from a cross-national study
of 138 countries. In case of foetus status, also an
opposite scenario is observed in child mortality
case. The risk of child mortality is 0.13 times
lower for the multiple births than the single birth
(Table 3), while the risk of neonatal death was
more than double (Table 1). This might be due to

the more care of family members for the multiple
births at young child period (12-59 months) after
facing the infant complicacy.

The parents’ education is significantly
associated with childhood mortality [33]. Though
the education was not found significant in the
earlier stage childhood death, LR model indicates
that risk of child mortality (death during 12-59
months) consequently decreasing with the increase
of mother’s and father’s educational level (Table
3). Children with illiterate parents were 1.8 times
more likely to experience with child mortality in
comparison to children with highly educated. This
may be due to the fact that higher educated parents
had more knowledge about child health compared
to illiterate parents.

Results obtained from the fitted LR and MC
models indicate that mother’s occupation has also
significant effect on child death during the 12-59
months of child age. Mother who is related with
manual work (such as farmer, agricultural worker,
fisherman, unskilled labourer, domestic labourer,
non-agricultural land owner and labourer) is 1.35
times more likely to have child mortality
compared to unemployed mother, however the risk
is 0.82 times lower for the mother who is engaged
with non-manual work. The reason may be
mothers are generally educated who is engaged in
non-manual work compared to unemployed and
manual working mothers.

At last the regional influence is also observed
in case of child mortality as neonatal child death
but with different scenario. Though the children of
Rajshahi division were found more experienced
with neonatal death (OR: 2.35), they are least
experienced (OR: 0.44) with child death in
comparison to children of Barisal division. Except
in Chittagong, the risk of child mortality is also
found lower in other divisions (please see OR and
APM in Table 3). These results indicate that the
risk of child mortality is higher in Barisal and
Chittagong divisions; however risk of neonatal
death was lower there. Thus the regional settings
have a great influence in overall childhood
mortality situation which is not captured in the
overall improvement of national childhood
mortality rate.
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Table 4. Multiple Classification (MC) analysis for neonatal, post-neonatal, and child mortality in

Bangladesh, BDHS-2007.

Model I: Neonatal Model I1: Post-neonatal Model III: Child
Mortality Mortality Mortality

Variables

n, B, p-value n, B; p-value m; B Vahll)(;
Sex of child 0.072  0.082 0.002 0.094 0.097 0.000
No. of foetus 0.129 0.141 0.000 0.120 0.123 0.000
Previous birth interval 0043 0.050 0.059 i i i ) ) )
(months)
Mother’s education - - - 0.181 0.207 0.070 - - -
Parent’s education - - - - - - 0070 0.078 0.002
Mother’s occupation - - - 0.074 0.019 0.977 0.064 0.062 0.016
Mother’s Access to 0033 0047 0076 ] ; ] ; - -
Mass media
Antenatal visits during ) i i 0125 0159 0.078 ) ) i
pregnancy
Household’s drinking ) ) ) 0154 0209 0.054 ) ) i
water source
Mother age at first
birth 0.054 0.044 0.101 - - - - - -
Region 0.131  0.140 0.000 0.150 0.220 0.259 0.132 0.149 0.000

4.3 Importance of Early Childhood Mortality
Predictors

The LR analysis helps to find out the variables
significantly associated with the child mortality
but can’t rank the variables according to the
magnitude of their influence on the variable of
interest. The MC analysis provides a way to rank
the significant variables according to their relative
importance on dependent variable. Similar to LR
analysis, three separate MC models are developed
for different stages of childhood mortality. The
model fit statistics indicate that the MC models for
neonatal and child mortality is significantly fitted
with lower R-squared values (Table 4). However,
the MC model for post-neonatal mortality is found
insignificant at 5% but significant at 15% level of
significance. The reason is the fewer number of
cases at this stage. The lower R-squared values in
all the MC models are due to the binary response
variable which is clear also from the R-squared
values of LR models. The MC model for neonatal

mortality (Table 4) shows that the number of
foetus is explaining highest contribution
(p=0.141), followed by regional settings
(B=0.140). Though regional settings is found to
have significant higher contribution to neonatal
mortality, on an average the biological factor (sex,
foetus, & birth interval) is explaining the highest
variation ($=0.273=0.082+0.141+0.050). Thus
now it is very easy to rank the significant
predictors as: biological factors as first, regional
settings as second and mother’s characteristics as
third.

In case of post-neonatal mortality, mother’s
education and household’s drinking water source
are explaining the most variation significantly at
10% significance level. In the absence of other
predictors, mother’s education had highest
contribution (n=0.181) though in presence of other
variables its contribution stands on 2™ position
(B=0.207) after drinking water source (=0.209).
Among the other variables, only the contribution
of ante-natal visits during pregnancy (=0.159) is
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found significant. On the other hand, almost
similar pattern of neo-natal mortality is observed
in case of child mortality. Here the regional setting
is observed as the most effective determinant
(n=0.132, B=0.149) to predict the number of child
death during the period of 12-59 months before
and after adjusting with other variables (Table 4).
The close competitors are biological factors: no. of
foetus (m=0.120, P=0.123) and sex of child
(n=0.094, p=0.097) whose marginal effects and
net effects are almost similar. The basic difference
in child mortality is the contribution of parent’s
characteristics (education and occupation) in
explaining the variation of child mortality. Thus
the significant variables can be ranked here almost
in the similar way of neonatal mortality. From the
MC analysis results, it is also visible that,
significant factors are same in MC as like LR
analysis which clearly supports the additional
facilities of MC analysis. However, LR analysis
provides risk of success for a specific group
compared to a reference group. The similar
interpretation can be made from MC analysis but
need to compare the adjusted predicted values of
the compared group with reference group. It is
easy to verify just comparing the predicted means
with the odds ratio: the higher the odds ratio of a
group, the higher the predicted mean.

5. CONCLUSIONS

Though much improvement has been done in the
reduction of overall under-5 mortality in
Bangladesh, still have significant differences in
the rate of mortality at different stages of children
life. Comparatively the rate of neonatal death is
still considerably higher though the overall
childhood mortality rate is now in control. Also
the wvariations in child death by regional,
socio-economic and demographic characteristics
are still needed to ascertain to reach the goal of
ultimate target. To identify the vulnerable groups,
several studies have been done by following the
classical approach of LR analysis as a multivariate
technique. In this study it is also obvious that
characteristics associated with the childhood death
varies with respect to the age at death. Binary LR
analysis determines child birth history (sex,
number of foetus, birth interval), regional settings,
and mother awareness through the access to mass

media as significant predictors of neonatal death,
while for post-neonatal mortality significant
predictors are related to mother’s characteristics
(education and ante-natal care) and household
environment (access to better drinking water
source). Like neonatal mortality, children
biological factors, regional settings, and parent’s
socio-economic  status  (parents’  education,
mother’s occupation) are found as significant
predictors of child mortality. The similar scenario
is also revealed through MC analysis with an extra
facility of ranking the significant predictors. The
MC analysis result suggests to focus on child
biological factors, regional settings and parents’
socio-economic status with a priority basis for
both neonatal and post-infant stage; while mothers
education and household environment for post-
neonatal stage. The main contribution of this study
is to focus on the utility of the MC analysis with
the LR analysis to make an order of the significant
predictors so that the policy makers can take
initiatives on a priority basis.
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